Background Bisphosphonate-associated femur fractures have been well described but the preoperative patient factors, treatment modalities, and complications of treatment are unclear. Questions/purposes We asked whether a diagnosis of osteoporosis, the characteristic radiographic features of bisphosphonate-related femur fractures, and complication rates differed in patients with operatively treated femoral shaft fractures receiving bisphosphonates and in patients not receiving bisphosphonates.
Abstract
Background Bisphosphonate-associated femur fractures have been well described but the preoperative patient factors, treatment modalities, and complications of treatment are unclear. Questions/purposes We asked whether a diagnosis of osteoporosis, the characteristic radiographic features of bisphosphonate-related femur fractures, and complication rates differed in patients with operatively treated femoral shaft fractures receiving bisphosphonates and in patients not receiving bisphosphonates.
Methods
We retrospectively reviewed 43 patients with bisphosphonate-associated femoral shaft fractures (including subtrochanteric) from 2002 to 2008 and 20 patients with similar fractures but not treated with bisphosphonates. Similar implants were used in both groups, but a greater number of adjuvants were used in the bisphosphonate cohort. We recorded preoperative osteoporosis and radiographic findings of the characteristic bisphosphonate femur fracture and early complications. The minimum followup was 5 months (mean, 29 months; range 5-60 months). Results Preoperatively a greater percentage of patients treated with bisphosphonates had confirmed osteoporosis than those not treated with bisphosphonates (24% versus 5%, respectively), a greater percentage had a proximal fracture location (48% versus 40%, respectively), and their mean cortex to shaft diameter ratio was greater (24% versus 15%, respectively). The bisphosphonate cohort had a higher rate of intraoperative fractures (21% versus 0%) and postoperative plate failures (30% versus 0%). Conclusions Despite low rates of other risk factors and ample use of biologic adjuvants, patients treated with bisphosphonates having femur fractures have more complications. Level of Evidence Level III, therapeutic study. See Guidelines for Authors for a complete description of levels of evidence.
Introduction
Bisphosphonates have become a mainstay in the treatment of osteoporosis by increasing bone mineral density and Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Clinical Orthopaedics and Related Research neither advocates nor endorses the use of any treatment, drug, or device. Readers are encouraged to always seek additional information, including FDA-approval status, of any drug or device prior to clinical use. Each author certifies that his or her institution approved the human protocol for this investigation, all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. This work was performed at New York Presbyterian Hospital, New York, NY, USA. prevention of fragility fractures in patients with osteoporosis [6, 12, 13, 15, 20, 28, 32] . As a result of inhibition of bone resorption (through the inhibition of osteoclasts), bisphosphonates can cause accumulation of trabecular microdamage or perhaps contribute to the aging of collagen fibers [3, 14, 22, 23] . This may compromise the mechanical and regenerative properties of bone, resulting in fractures and delayed bone healing [3, 8, [21] [22] [23] 26] . Many studies document an increased risk of characteristic fractures of the femur in patients taking bisphosphonate medications [1, 2, 9, 14, 16-19, 24, 25, 27, 29, 30] .
Although the FDA recently added a femur fracture warning to labels of bisphosphonate medications, the operative management, complications, and healing rates of this unique fracture have not been well characterized. Several studies have examined the incidence and characteristics of these fractures [9, [17] [18] [19] 25] , but those that discuss operative treatment include very small numbers of patients, have no control group, and often do not address complications or healing times [3, 8, 13, 14, 20, 22, 27] ( Table 1 ). Proper knowledge of these fractures is especially important as their biologic features, and likely compromised bone healing, may result in longer healing times and a greater number of complications than their unmedicated counterparts.
We sought to determine whether there were: (1) differences in osteoporosis and presence of the characteristic femur fracture in patients receiving bisphosphonate therapy versus an unmedicated cohort; and (2) more complications in treatment of these fractures.
Patients and Methods
From a single-surgeon (DGL) operative database we identified all 43 patients who had sustained acutely treated fractures of the femoral shaft (from subtrochanteric to distal shaft) between 2002 and 2008 and who currently were taking a bisphosphonate, and had been doing so for at least 1 year. All patients with fractures are asked routinely by the admitting physician whether they are taking or have a history of taking a bisphosphonate, and the duration of use. We excluded 18 patients who had high-energy injuries, fractures other than those of the femoral shaft, or were nonambulatory before injury. This left a cohort of 25 patients meeting the study criteria, none of whom was included in previous studies. To create a control population we then queried the database for the following: female, acutely treated traumatic fractures of the femoral shaft (from subtrochanteric to distal shaft) treated between 2002 and 2008, no history of bisphosphonate use, no other fracture or other system injury, older than 50 years, and low-energy mechanism of injury. Twenty patients met these criteria ( Table 2 ). All patients were female and all but one sustained a standing-height fall (she fell from several stairs). The average duration of bisphosphonate therapy was 7.6 years (range, 1-12 years; SD, 3.4 years). Fractures were consistent with the previously described bisphosphonate-related femur fracture: transverse pattern with cortical thickening and beaking typically located between the lesser trochanter and middle 1/3 of the femur [25] , with a mean distance of 6 cm distal to the lesser trochanter. The minimum clinical followup was 5 months (mean, 29 months; range, 5-60 months). No patients were lost to followup. No patients were recalled specifically for this study; all data were obtained from medical records or radiographs. We had prior approval by our institutional review board. The bisphosphonate cohort was similar to the control cohort for most preoperative parameters ( Table 2 ). The bisphosphonate and control cohorts were randomly sampled using random allocation software (Random Allocation Software v. 1.0; M. Saghaei MD, Department of Anesthesia, Isfahan University of Medical Sciences, Isfahan, Iran). The bisphosphonate cohort had longer followup than the control cohort (83 versus 39 weeks). In the bisphosphonate cohort, plate and screw constructs were used in 40% (10 of 25) and an intramedullary nail in 60% (15 of 25) ( Fig. 1) . Teriparatide was used more frequently (p \ 0.001) in the bisphosphonate cohort (64% versus 5%).
All patients were assessed by the same surgeon (DGL) on presentation and underwent preoperative workup and medical optimization as needed. Patients in the bisphosphonate cohort had their bisphosphonates discontinued at the time of consultation. Cephalomedullary nailing was considered first-line treatment for all fractures. Plate fixation (large-fragment locking plate) was used for (1) revision surgery, (2) if the femoral or fracture anatomy preoperatively was deemed sufficiently abnormal to preclude placement of a nail, or (3) if required intraoperatively for adequate fracture reduction and fixation. Fractures in both groups were acutely fixed with similar implants (Table 3) . Followups with orthogonal radiographs obtained were performed at 2, 6, 12, 24, and 52 weeks postoperatively. All patients taking bisphosphonates before surgery received a postoperative consultation with a metabolic bone specialist with recommendation of teriparatide therapy if not contraindicated and continuation of vitamin D and calcium supplementation as needed. Major complications were defined as those requiring a change in operative plan or a secondary surgery. Healing was judged by one observer (DGL) using the following criteria: the ability to fully weight bear, lack of pain at the fracture site, and radiographic consolidation observed on orthogonal plain radiographic views. All patients included in the current study had all clinical and radiographic data available for analysis.
We determined differences in continuous variables (time receiving bisphosphonates, age, BMI, distance from the lesser trochanter, time to surgery, healing time, and length of followup) between the bisphosphonate and control cohorts using Student's t-test. Differences in proportions of nominal data (low-energy injury mechanism, tobacco use, alcohol use, diabetes, history of steroids, osteoporosis, and BMI) were determined with the chi-square test. We did not use post hoc correction for comparison of multiple variables. A formal post hoc sample-size analysis was not performed as inclusion and exclusion criteria constrained power in this retrospective study. We examined possible univariate associations between factors of interest and healing time in the bisphosphonate cohort. The Mann-Whitney U ranked-sum test was used to compare categorical variables, and the Pearson correlation test was used for continuous variables. All statistical analyses were performed using a standard commercial package (XLStat; Addinsoft SARL, New York, NY, USA).
Results
We observed larger numbers of DEXA-diagnosed osteoporosis in the bisphosphonate cohort and the fractures tended to be more proximal ( Table 2 ). The bisphosphonate cohort showed the characteristically thicker cortex (p \ 0.001) relative to the total diameter of the diaphysis.
The bisphosphonate cohort had more complications ( Table 3 ). The major complication rate was higher (p = 0.005) for the bisphosphonate cohort, 44% (11 of 25) versus 4% (one of 25) in the control cohort. The minor complication rate was similar (p = 0.112) in the two cohorts: 24% (6/25) for the bisphosphonate cohort versus 8% (2/25) for the control cohort. The most frequent complication was intraoperative femoral shaft comminution during nail insertion (five of 17 nailings) (Fig. 2) . Three plate failures occurred (of 10 placed); none of the nails failed. The higher major complication rate in the bisphosphonate group was primarily attributable to iatrogenic fracture during nail placement (n = 5; 21% versus 0%), and postoperative plate failure (n = 3; 13% versus 0%) ( Table 4 ).
The surgeon-judged time to union in the bisphosphonate cohort was 26 weeks (range, 8-120 weeks; SD, 8 weeks) with a minimum followup of 20 weeks (range, 20-341 weeks; median, 58 weeks) and 19 weeks in the control cohort with a minimum followup of 8 weeks (median, 31 weeks; range, 8-131 weeks). The only persistent nonunion (greater than 1 year from initial treatment) at last followup occurred in the bisphosphonate cohort.
Discussion
Bisphosphonate-associated femur fractures have been reported in the literature [9, [17] [18] [19] 25] , and the FDA has mandated that a warning be placed on bisphosphonate labels, but few of the specific management and complications have been well described in the literature. We sought to compare operative treatment and complications of patients with femur fractures associated with bisphosphonate therapy versus those for patients not receiving such therapy, specifically examining patient and radiographic variables and complication rates.
Our study has some limitations. First, and most importantly, we had a limited number of patients. It is difficult to obtain a large sample size with a relatively rare injury. On examination of the studies available regarding treatment of such injuries, the current study is the largest. In addition, no other study has a comparison cohort. Second, retrospective studies carry the inherent risk of observer bias, including the potential for missing data and inability to control confounding variables. Third, we did not obtain functional outcomes for the patients and therefore cannot judge whether one group had superior function to another. In addition, we were unable to rigorously judge and compare healing times.
Our current study showed these fractures are unique radiographically and result in more complications despite the use of additional medical and surgical adjuvants. The bisphosphonate cohort had a high overall complication rate (68%) in our series. When compared with the control group, this was higher, and most notably consisted of iatrogenic fracture during nail placement or postoperative plate failure. Such intraoperative complications with bisphosphonate-associated femur fractures have not been reported before (Table 4 ). Intramedullary nailing of these femur fractures (which otherwise is routine) could be impractical at times, especially for more proximal fractures. The thickened cortices which essentially trumpet from the metaphyseal trochanteric region to the thick diaphyseal cortex make standard reconstruction nailing difficult as the increased proximal diameter of the nail either results in iatrogenic fracture of a brittle cortex, or potentially, a varus deformity. When plates were chosen as the fixation device owing to technical impracticality of nailing, there was a high rate of implant failure likely attributable to a varus moment arm and dependence on intramembranous healing inhibited by bisphosphonates. We used similar arrays of implants in both groups, although more adjuvants were given to patients receiving bisphosphonates. In particular, more teriparatide was given postoperatively to the bisphosphonate group compared with the control group. The use of teriparatide in the treatment of bisphosphonate-associated femur fractures was suggested by Chrischilles et al. [6] . Its efficacy in such a scenario has been proposed but needs to be shown in well-designed trials [10] .
Fracture healing time appeared delayed for patients receiving bisphosphonate therapy, and the only nonunion occurred in this group. In a retrospective review by Das De et al. [7] , 20 patients with subtrochanteric femur fractures, of whom 12 were receiving long-term alendronate, were examined. The remaining eight patients served as a control group. There were three nonunions in the group taking alendronate versus one in the control group, but no statistical analysis was performed. Two of these three nonunions initially were plated and required revision surgery with a nail and autogenous bone grafting. The other nonunion initially was treated with a cephalomedullary nail. The authors did not mention the final outcomes for these three patients with nonunions, and there were no data presented regarding time to union. They recommended treatment with an intramedullary device, cessation of the bisphosphonate, and consideration of treatment with recombinant parathyroid hormone postoperatively [7] . Our data also suggest, when compared with similar femur fractures in patients not receiving bisphosphonate therapy, that fractures associated with bisphosphonate intake are more difficult to treat surgically and heal biologically. Because bisphosphonates used for osteoporosis result in relative inhibition of bone resorption (through the inhibition of osteoclasts), they can cause accumulation of trabecular microdamage or perhaps contribute to aging of the collagen fibers [3, 14, 22, 23] . This may compromise the mechanical and regenerative properties of bone, resulting in delayed bone healing and other complications [3, 8, [21] [22] [23] 26] . This in particular would affect intramembranous bone healing that possibly could lead to the plate failures and delayed healing times observed. In addition, the deformed, brittle bone of the proximal femur would be much less accepting of a cephalomedullary nail and might result in fracture and delayed healing. We found the fixation and treatment of these insufficiency fractures can be challenging. Despite the low rate of other risk factors and ample use of biologic adjuvants, the altered bone quality may lead to lengthy healing times and complications requiring change in operative plan or reoperation. The increasing size of the aging population portends a growing pool of patients receiving bisphosphonates (for longer times) and therefore, increasing numbers of these types of fractures. Healthcare providers at all levels need to recognize this association, and additional study is needed to help improve treatment for this emerging problem.
